Alcohol dehydrogenase activity was measured in samples of liver tissue from a group of alcoholic and non-alcoholic subjects to determine whether decreased liver alcohol dehydrogenase activity is a consequence of ethanol consumption or liver damage. The alcoholic patients were classified further into the foliowing groups: control subjects with no liver disease (group 1), subjects with non-cirrhotic liver disease (group 2), and subjects with cirrhotic liver disease (group 3). The nonalcoholic subjects were also divided, using the same criteria, into groups 4, 5, and 6, respectively.
Some 80% to 90% of ingested alcohol is oxidised in the liver where ethanol is metabolised to acetaldehyde, a product that is much more toxic than ethanol itself. There are three different ethanol oxidising systems in the hepatocyte localised in different subcellular compartments: alcohol dehydrogenase, located in the cytosol; catalase in the peroxisomes; and the microsomal ethanol oxidising system in the endoplasmic reticulum. ' Catalase and the microsomal ethanol system oxidise less than 20% of the ethanol that enters the hepatocyte during low alcohol consumption. Alcohol dehydrogenase is responsible for the conversion of ethanol to acetaldehyde, since it oxidises more than 80% of the alcohol metabolised in the liver.2 Alcohol dehydrogenase catalyses the rate-limiting step in the oxidation of ethanol to acetaldehyde. Different factors control the rate of the alcohol dehydrogenase pathway, and the alcohol dehydrogenase content of the liver is one of them. 3 The reaction takes place with the reduction of a co-factor NAD+ to NADH. Acetaldehyde production via alcohol dehydrogenase and the alteration in NADH: NAD+ ratio may play an important role in the development of liver damage in alcoholics. 4 Both factors are at least partly dependent on the alcohol dehydrogenase content ofthe hepatocyte.
The behaviour of and modifications in alcohol dehydrogenase activity in various clinical conditions have been investigated by several authors.5"'4 A low liver alcohol dehydrogenase activity has been reported but it is not clear whether this is a consequence of alcohol intake or of liver damage. The effect of chronic alcohol consumption on hepatic alcohol dehydrogenase activity is still unclear. Some studies'5 6 show stimulatory effects while others show no changes'017 or even inhibition. 8 The purpose of the present study was to determine the activity of human liver alcohol dehydrogenase in a group of alcoholic and nonalcoholic subjects with and without liver disease to evaluate the effect of two variables, alcohol consumption and liver damage.
Material and methods

PATIENTS
During the study, 149 consecutive liver biopsies were performed. All subjects were white. The patients were classified into two main groups, alcoholic and non-alcoholic, based on clinical data and liver histopathology. They were divided further into the following subgroups: control patients, non-cirrhotic liver disease patients, and patients with cirrhosis.
Control subjects were defined as those with normal or minimally altered liver function tests and normal liver pathology. Patients with noncirrhotic liver disease in the alcoholic group included those with alcoholic steatosis, or alcoholic hepatitis, or both. In the non-alcoholic group, patients with non-alcoholic steatosis, chronic persistent hepatitis, and chronic active hepatitis were included.
The alcoholic group included men with an alcohol intake greater than 100 g/day over the past 10 years and women with an alcohol intake greater than 40 g/day during the same period of time. The alcohol intake in patients studied was usually greater than 150 g/day.
Alcohol dehydrogenase activity was plotted against the presence of alcohol withdrawal syndrome in each group of alcoholic subjects to evaluate the effect of recent heavy drinking on activity. The existence of a noticeable tremor, hallucinations, delirium, and seizures'9 or a score greater than 15 in the scale proposed by Foy, or both,20 were used to define alcohol withdrawal syndrome in the absence of any other condition that might explain these symptoms.
The non-alcoholic group included patients with an average daily alcohol consumption less than 20 g or subjects who drank alcohol only occasionally.
Among the 149 patients, 26 were excluded because of: outlier activity -alcohol consump- Liver samples were obtained by percutaneous liver biopsy, using a Menghini needle.22 All biopsies were performed for diagnostic purposes, with the exception of those performed in non-alcoholic controls. In these patients biopsy samples were obtained during elective abdominal surgery for non-malignant disease.
Liver tissue was divided into two parts. One was fixed in 10% formalin for pathological examination. The other was immediately frozen and maintained at -40°C until enzyme determination. The usual storage time was a few days (maximum two months). The effect of storage time was plotted against liver alcohol dehydrogenase activity (see below). Special care was taken to avoid repeated freezing and thawing of the samples, since this may decrease alcohol dehydrogenase activity.23
REACTIVES AND SUBSTRATES
The following reactives and substrates were used: nicotinamide adenine dinucleotide (NAD+) (N-7004; Sigma), ethanol absolut (Art 986; Merck), Coomasie brilliant blue (R-500-0006; BIO RAD). Human albumin was purchased from Behring (ORHA 20/2 1). Table  I . Mean values of alcohol dehydrogenase activity in the groups are shown in Table II . Alcohol dehydrogenase activities were evaluated in 124 patients. Sixty four were alcoholics and 59 non-drinkers (Table II) . Among alcoholic patients with non-cirrhotic liver disease, 17 had steatosis and 19 alcoholic hepatitis (11 with concomitant steatosis). Non-cirrhotic liver disease in the non-alcoholic group included six patients with non-alcoholic steatosis, 10 with chronic persistent hepatitis, and 11 with chronic active hepatitis. Patients with non-alcoholic cirrhosis were found to have the following aetiologies: primary biliary cirrhosis (n=2), postnecrotic cirrhosis (n = 4), lI antitrypsin deficiency (n= 1), and criptogenetic cirrhosis (n=8).
No differences in alcoholic dehydrogenase activity were found between the alcoholic (groups 1, 2, and 3) and non-alcoholic (groups 4, 5, and 6) populations: (20 (Fig 1) . The mean alcohol dehydrogenase values in patients with non-cirrhotic liver disease of alcoholic origin (alcoholic steatosis plus alcoholic hepatitis) (group 2) was closely related to the activity in the non-cirrhotic, non-alcoholic liver disease group (group 5) (p: NS). Moreover, alcoholic and non-alcoholic patients with cirrhosis (group 3 and group 6) also showed no difference in the mean alcohol dehydrogenase value (p: NS). (Fig 1) .
The alcoholic patients were analysed separately and alcohol dehydrogenase activity values were plotted against the presence or absence of alcohol withdrawal syndrome. Eleven of the 18 alcoholic control subjects showed one or more symptoms of alcohol withdrawal syndrome. They had a mean daily alcohol intake greater than 200 g. The mean lapse of time between the last heavy bout ofdrinking and the needle biopsy was five days. The other seven patients did not have alcohol withdrawal syndrome. Their usual alcohol ingestion was 130 g/day and the mean duration of alcohol abstinence was 18 days. The mean alcohol dehydrogenase value was 57'68 (22-69) mU/mg for alcoholic control patients with withdrawal syndrome and 57-01 (21-98) mU/mg for those without (p: NS) (Fig 2) .
Among 37 alcoholics with non-cirrhotic liver disease, 21 had alcohol withdrawal syndrome. Their mean alcohol consumption was 189 g/day and the mean duration of alcohol abstinence was 6-1 days. They had a mean alcohol dehydrogenase (SD) activity of 30-63 (15-16) mU/mg. Those without withdrawal syndrome (n= 15) in the same group of patients had a mean daily alcohol intake of 157 g and a mean period of abstinence of 21 2 days. Their alcohol dehydrogenase activity was 39-15 (12-64) mU/mg (p: NS) (Fig 2) .
The alcohol dehydrogenase activity of the control patients, both alcoholics and nondrinkers, however, was different from that of subjects with liver disease. The mean alcohol dehydrogenase value in the control group (groups 1 and 4) was 53 66 (18-32) mU/mg. Alcohol dehydrogenase activity in the non- The interassay variation was evaluated seven times and the intra-assay variation six times. No variation above 10% of the mean was obtained in either test (Fig 4) . The effect of storage time was also assessed. In five patients, the liver biopsy specimen was divided into seven aliquots. One was assayed fresh. The other six were immediately frozen and the alcohol dehydrogenase activity was determined after 15, 30, 45, 60, 75, and 90 days. The samples were frozen and thawed once only. The results are shown in Figure 5 . The frozen samples maintained an activity very close to the value obtained by the fresh samples for more than two months but after this time the activity gradually decreased.
Test Figure 4 : Intra-assay and interassay variation in alcohol dehydrogenase (ADH) activity determninatton.
cirrhotic liver disease groups (groups 2 and 5, both alcoholic and non-alcoholic subjects) was lower than that of controls (p<0001). Specific alcohol dehydrogenase activity in subjects with cirrhosis was also significantly reduced when compared with controls (p<0-001) (Fig 3) .
The differences between the mean activities of patients with non-cirrhotic liver disease and the cirrhotic population also reached statistical significance (p<0Q005) (Fig 3) .
When the alcoholic patients were analysed separately, control patients (group 1) had a mean activity greater than the value reached by non-cirrhotic liver disease patients (group 2) (p<0001). A comparison of the mean values for non-cirrhotic liver disease subjects and those with alcoholic cirrhosis was also significant (p<0005) (Fig 1) . The results for the non-alcoholics were similar. Controls (group 4) had an activity greater than patients with non-cirrhotic liver disease (group 5) (p<001). Patients with cirrhosis unrelated to alcohol (group 6) had lower alcohol dehydrogenase values when compared with the noncirrhotic liver disease group (p<005) (Fig 1) . In the present study we have analysed changes in liver alcohol dehydrogenase activity in relation to alcohol consumption and liver damage. Our data indicate that alcohol dehydrogenase activity is similar in chronic alcoholics with no liver disease and in non-drinkers without liver disease. Moreover, patients with non-cirrhotic liver disease have similar alcohol dehydrogenase activities, independent of the alcoholic or nonalcoholic aetiology of the liver damage. Patients with cirrhosis, both of alcoholic and nonalcoholic origin, also had similar values for hepatic alcohol dehydrogenase activity.
The results obtained from alcoholics, plotted against alcohol consumption and the presence of alcohol withdrawal syndrome, showed that heavy and active drinkers had comparable alcohol dehydrogenase activities to those who drank less alcohol. This was true for both control and liver disease subjects. A recent or heavy bout of drinking did not produce any change in hepatic alcohol dehydrogenase activity. These results contrast with those reported by Sharwaki'l in rats, who found that the recent intake of a large amount of alcohol may lower liver alcohol dehydrogenase activity.
Alcohol dehydrogenase activities were low, however, in patients with liver disease. This finding was independent of the alcoholic or nonalcoholic aetiology of the liver disease. Our results indicate that alcohol dehydrogenase activity falls when the liver damage progresses to cirrhosis. Our results agree with those obtained by Mezey and Tobon"°and Nuutinen.
Figueroa and Klotz' also found reduced liver alcohol dehydrogenase activity in patients with alcoholic cirrhosis. Although they suggested a direct toxic effect of alcohol consumption as a cause of this decrease in enzyme activity, our results do not support their conclusion.
Asada and Galambos7 found a decreased liver group.bmj.com on June 15, 2017 -Published by http://gut.bmj.com/ Downloaded from alcohol dehydrogenase activity in liver disease patients that did not correlate with the severity of the pathological changes. Analysis of our data indicates that the more advanced the liver disease, the lower the alcohol dehydrogenase activity. Schwartzmann et all and Ugarte et al,8 however, reported a reduced alcohol dehydrogenase activity in alcoholics, with no differences in activities obtained from control subjects and liver disease patients. Our results do not agree with their conclusions. We did not find that longterm and recent heavy alcohol consumption had a lowering effect on liver alcohol dehydrogenase activity.
In conclusion, our results indicate that the decreased liver alcohol dehydrogenase activity observed in patients with alcoholic liver disease is a consequence of liver damage and not a consequence of alcohol consumption. Thus, the increased metabolisation of alcohol usually found in chronic alcohol abusers is independent of the alcohol dehydrogenase pathway of ethanol metabolism. Induction of the microsomal ethanol oxidising system, the other enzymatic system in ethanol oxidation, has been offered as an explanation by several authors.27 Further studies, evaluating the effect of both alcohol consumption and liver damage on alcohol dehydrogenase activity and the microsomal ethanol oxidising system in humans, are needed to confirm this hypothesis.
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